This study is conducted to explore the relationship between energy consumption and economic growth in China over the period [1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010] 
INTRODUCTION
otally speaking, China is rich in natural resources with the energy, agriculture, forestry, and other commodity sectors providing much of the export-driven growth. The continued economic growth and large population also cause large demand for these resources. Many types of resource consumptions, like coal, petroleum et al., have been positioned among the world's leaders. The expansion of resource sectors has also contributed a lot to the high economic growth. What is followed is that China's economy is now heavily relying on large consumptions of natural resources especially the energy consumptions. The consumption growth rate of the main energy, including coal, petroleum, natural gas, hydro power and nuclear power, has surpassed their production growth rate over past years. Moreover, the energy gap between demand and supply begins to restrict growth for some regions. For example, China's east region's growth has been firstly slower than the middle and west since 2008. The annual GDP growth rate is 11.57%, 12.7% and 12.87% for the region of east, middle and west respectively. This trend has continued until 2011. The energy shortage for some regions becomes one major restricting factor for this phenomenon. It also shows that China's regional disparity in economic growth has been driven by the energy consumptions. Figure 1 describes energy consumption of all China over the period 1990-2010. In the paper, energy type includes coal, petroleum, natural gas, hydro power and nuclear power. It clearly indicates that the amount of energy consumption of China is increasing rapidly over the past 20 years. The growth rate of energy consumption has been increasingly high since 2002. Therefore, is there any causality relationship between energy consumption and economic growth? If it exists, is the causality unidirectional or bidirectional? To answer this question can help us clearly understand the role of energy consumption in China's growth, which is meaningful for improving China's energy polices and promoting long-run growth.
The object of this study is to examine the causality and dynamic relationship between energy consumption and economic growth for a panel of China's 30 provinces under a multivariate framework, in order to determine the degree to which energy consumption affects the growth prospects of China. Furthermore, from the Grangercausality test results, the paper aims to explore the dynamic responses of variables to different stochastic shocks within a multivariate economic system. Different from the simple time-series analysis, this paper employs panel time-series techniques to reflect the relationship comprehensively between energy consumption and economic growth. It combines the cross-section and time-series data, which allows for heterogeneity across provinces, thereof can improve the power and size properties of conventional unit root and co-integration tests.
This overview of China's situations of energy consumption and growth serve as points of references to examine the long-run and short-run relationship between energy consumption and economic growth. Section 2 reviews literatures associated with the theories and empirical studies on energy consumption and economic growth. Section 3 introduces the basic model, variables and datasets used for panel analysis in detail. Section 4 discusses econometric methodologies of the study, including panel unit root test, panel co-integration test, panel vector error correction (VEC) model, and panel vector autoregression (VAR) model. Following the common procedures of panel time-series analysis, it presents the empirical results and gives corresponding explanations. Finally, concluding remarks are given in Section 5.
LITERATURE REVIEW
The causality relationship between energy consumption and economic growth has been extensively examined in the literature with varying results across countries. The representative researches are completed by Apergis and Payne. They published three papers on the relationship between energy consumption and economic growth in 2009, 2010 and 2011 continuously. For the first two papers, under the same analytical framework, they mainly discuss the co-integration relationship and the Granger-causality in Central America and South America. It is found that both the long-run co-integration and the short-run Granger-causality between energy consumption and real GDP exist in the two regions, which is consistent with the growth hypothesis in terms of the energy consumption-growth nexus. For the third paper, they classify energy into renewable and non-renewable ones, and also find that in the 80 countries, both the co-integration and the Granger causality exist for the two types of energies. Using the similar methodologies in three papers, Apergis and Payne's empirical studies show that for different regions and energy types, the growth hypothesis always holds, which is based on the presence of the unidirectional causality from energy consumption to economic growth. In the case of 25 OECD countries, Belke, Dobnik and Dreger (2011) arrive at the similar conclusions that international developments dominate the long-run relationship between energy consumption and real GDP. Also, causality tests indicate the presence of bidirectional However, the dynamic responses between energy consumption and economic growth are not given enough attention, and the panel vector autoregression (panel VAR) model has not been widely applied in the literatures yet, due to immature techniques of software. Love and Zicchino (2006) firstly make Stata codes of panel VAR, and apply to firm-level panel data from 36 countries to study the dynamic relationship between firms' financial conditions and investment by using orthogonalized impulse-response functions. After that, Mitze (2012) models the internal migration and regional market dynamics in Germany using panel VAR approach. It gives specific theoretical model and empirical analysis to predict the changes of German labor market under dynamic shocks. Therefore, these studies can provide us good references to make use of the panel VAR approach for the relationship research between energy consumption and economic growth. The review of relevant literatures can helps us understand the hypothesis of energy consumption-growth, and also provides references to improve the present econometric methods.
MODEL AND DATA
In order to explore the relationship between real GDP, energy consumption, capital formation, labor force and energy price for the panel of China's 30 provinces (mainland China provinces excluding Tibet), the production modeling framework is given as follows in general notion:
To test panel unit root, causality and co-integration under the multivariate framework, the linear form of Eq. (1) is given by:
where all variables are in natural logarithms; Y it denotes real GDP in 100 millions of constant 1978 RMB; E it is gross energy consumption in 10 thousands tce (tons of standard coal equivalent); K it represents gross investment in fixed assets in 100 millions of RMB; L it denotes gross number of staff and workers at the end of every year in 10 thousands; and P it is purchasing price indices of raw material, fuel and power in constant preceding year. Here, α 1i , α 2i , α 3i , and α 4i represent the long-run elasticities of real GDP with respect to E it , K it , L it , and P it separately.
Annual data from 1995 to 2010 were obtained from 
ECONOMETRIC METHODOLOGY AND RESULTS
Panel data analysis is a method of studying multiple phenomena observed over multiple time periods for the same individuals. It can reveal changes in laws and individual characteristics on the basis of the total information available for a sample. Following established procedures, we conduct the test of the dynamic causal relationship between economic growth, energy consumption, capital formation, labor force, and energy price. The testing procedure involves the following steps. At the first step, we test whether each variable contains a panel unit root. And if a unit root exists, a panel co-integration relationship among variables is tested to examine the long-run relationship. If a long-run relationship is found, we then estimate a panel vector error correction (VEC) model to infer the Granger causal relationship among variables, and examine the short-run relationship. Finally, we mainly focus on the dynamic relationship among variables. A panel VAR model is estimated using system GMM method, and then an orthogonalized impulse response functions is estimated to derive the impact of shocks among variables and the relative contributions by variance decompositions. In this paper, we adopt the software Stata and EViews for empirical analysis.
Panel Unit Root Tests
In order to infer the degree of integration and stationary properties of the respective variables for panel cointegration tests, a battery of panel unit root tests are performed, which have higher power than unit root tests based 
where i=1, 2, …, N represent provinces observed over periods t=1, 2,…, T, X it are exogenous variables in the model including any fixed effects or individual trend, ρ i are the autoregressive coefficients, and ε it is a stationary process.
Here if ρ i < 1, y i is said to be weakly trend-stationary. On the other hand, if ρ i =1, then y i contains a unit root.
Furthermore, Maddala and Wu (1999) employ nonparametric methods in conducting panel unit root tests using the Fisher-ADF test and Fisher-PP test which take advantage of allowing for as much heterogeneity across units as possible. They independently suggested a test against the heterogeneous alternative H 1 that is based on the p-value of the individual specific unit root test applied to cross-section unit i. The test has a chi-square distribution with 2N degrees of freedom, where N is the number of countries in the panel. The combined test statistic is given by 1 2 log ( )
where Φ(•) denotes the c.d.f. of the standard normal distribution. An important advantage of this approach is that it is possible to allow for different specifications (such as different deterministic terms and lag orders) for each panel unit.
Under the null hypothesis is χ 2 distributed with 2N degrees of freedom. For large N, the transformed statistic
is shown to have a standard normal limiting null distribution as T, N→∞, sequentially.
Specifically, Im et al. (2003) averages the augmented Dickey-Fuller (ADF) unit root tests, while allowing for different orders of serial correlation:
Substitution of Eq. (7) into Eq. (3) yields: In addition, Pesaran (2007) proposed the CIPS test, based on a single common factor specification for the cross-correlation structure. It considers the dynamic linear heterogeneous panel data model:
where ε it has the one common factor structure 
A natural test of the null hypothesis H 0 : β i =0 for all i, against the heterogeneous alternative hypothesis H 1 : β 1 <0, …, β N0 <0, N 0 ≤N in the whole panel data set, is given by the average of the individual CADF statistics:
The distribution of this test is non-standard, even asymptotically; 1%, 5% and 10% critical values are tabulated by the author for different combinations of N and T.
Results of five types of panel unit root tests, as shown in Table 2 , reveal that variables Y, E, K and L have unit roots, and are all integrated of order one, and variable P does not have unit root. 
Panel Co-integration Tests
It is established from the unit root tests that the variables except for P are all integrated of order one. Since co-integration test is applied into the integrated variables of the same orders, by taking no account of variable P, the next step is to employ co-integration analysis to determine whether a long-run relationship exists among other variables. Pedroni (1999 and 2004) proposes heterogeneous panel co-integration test, which allows for cross sectional interdependence with different individual effects, is estimated to determine whether a long-run equilibrium relationship exists as follows: where i=1, 2, …, N for each provinces in the panel, and t=1, 2, …, T refers to the time period. Parameters α it and δ i allow for the possibility of province-specific fixed effects and deterministic trends separately. Deviations from the long-run equilibrium relationship are represented by the estimated residuals ε it .
The null hypothesis of no co-integration, ρ i =1, is tested via the following unit root test on the residuals:
Following Pedroni (1999 and 2004) , two sets of panel co-integration tests are undertaken. Firstly, the panel tests, based on the within dimension approach, include four statistics: panel v, panel ρ, panel ADF, and panel PP statistics. These statistics essentially pool the autoregressive coefficients across different provinces for the unit root tests on the estimated residuals. These statistics take into account common time factors and heterogeneity across provinces. Secondly, the group tests are based on the between dimension approach which includes three statistics: group ρ, group ADF, and group PP statistics. These statistics are based on averages of the individual autoregressive coefficients associated with the unit root tests of the residuals for each province in the panel. All seven tests are distributed asymptotically as standard normal.
Because variables Y, E, K and L are all integrated of order one, and variable P does not have unit root, we will conduct co-integration test among variables Y, E, K and L. Both panel co-integration test statistics of the within and the between dimension are reported in Table 3 . Five test results reject the null hypothesis of no co-integration at the 1% significance level. Panel ADF test reject the null hypothesis at the 5% significance level. But panel PP test can not reject the null hypothesis. Therefore, we can conclude that there is long-run co-integration relationship among these variables. 
4.3
Panel VEC Model
Estimation of Panel VEC Model
Following Pesaran et al. (1999) , the Engle and Granger (1987) two-step procedure is undertaken by firstly estimating the panel VEC model to derive the short-run relationship among variables. At the second step, based on the short-run estimation results, the joint F-test of coefficient is conducted to derive the Granger causality relationship. In the study, the two-step procedure is employed by firstly estimating the long-run model specified in Eq. (15) where i=1, 2,……, n; t=q+1, q+2, q+3,……, T; The ν's, θ's and λ's are the parameters to be estimated; ∆ is the firstdifference operator; k is the lag length based on likelihood ratio tests; ECM it-1 represents the one period lagged errorterm derived from the co-integration vector; and µ is the serially uncorrelated error term.
We estimate Eq. (17) using the pooled mean group regression. Maximum likelihood estimation is conducted to derive valid estimators, and the time length (value k) is determined by the likelihood ratio tests. Table  4 displays the results from the panel error correction model. Short-run term elasticity is determined by the statistical significance of the corresponding right-hand side variables in each equation using a Z-test. Long-run term elasticity is determined by the statistical significance of the respective error correction term (ECM) also using a Z-test. According to the results of Table 4 , we can easily write Model (17) in the matrix form shown as Eq. (19). From Table 4 and Eq. (19), the short-run and long-run elasticities have different meanings. Row (4a) reveals that energy consumption is not significantly correlated with real GDP, whereas capital formation and labor force have negative and statistically significant impact on real GDP in the short-run. With respect to Row (4b), only real GDP takes significantly effect on energy consumption, and the coefficient is 1.562. But capital formation and labor force are not significantly correlated with energy consumption. It indicates the dynamics from real GDP to energy consumption is unidirectional. In terms of Row (4c), only real GDP has positive impact on capital formation. The effect of energy consumption and labor force are not significant. And for Row (4d), both energy consumption and capital formation take significantly negative effect on labor force, whereas estimator of real GDP on labor force is not significant. This shows that in China most of the increase of energy consumption and capital formation are not input into the social organizations (enterprises and government), but flow into the individuals and households. With respect to the long-run dynamics captured by the statistically significant error correction terms in Row (4a)-(4d), real GDP, energy consumption, capital formation and labor force each respond to short-run deviations from long-run equilibrium, since the estimation results of the ECM terms are all significant. Given the magnitude of the coefficients for the error correction terms, the speed of adjustment towards long-run equilibrium is rather slow. 
Panel Granger Causality
The augmented form of the Granger causality test involving the ECM is formulated in a multivariate q-th order panel VEC model as Eqs. (20) 
The Granger causality tests among other variables have the similar forms of joint hypotheses. Using the software Stata10, we derive χ 2 -statistic for every coefficient in the causality test, and the results are reported in Table  5 . Panel Granger-causality tests reveal several interesting results from Table 5 . On one hand, there is bidirectional causality between energy consumption and economic growth, which is consistent with the growth hypothesis in terms of the energy consumption-growth nexus. The growth hypothesis asserts that energy conservation policies which reduce energy consumption may have an adverse impact on economic growth. This is also the focus of the study. On the other hand, the unidirectional causality from capital formation to energy consumption indicates that energy consumption cannot affect economic growth through capital formation. Thus, excessive energy consumption may crowd out investment on manufacturing, or other sectors which is adverse for growth. This is also coincided with the natural resource curse hypothesis. 
Panel VAR Model
The structure of panel data in the paper is 30 provincial datasets over 1995 to 2010. On one hand, China's economic structure has changed very quickly since 1978, so it is not appropriate for VAR model to estimate within a long-time. On the other hand, although the time dimension of the panel is not long, the large cross-section numbers can increase the volume of the samples, which could also derive consistent and valid estimators using the panel VAR model. As Mäki-Arvela (2003) argues, the unrestricted VAR methodology is ideally suited for an examination of interrelated time series variables and their dynamics in a labor market setting, where a particular focus is to explore the strengths of different adjustment mechanisms in response to economic shocks. According to the previous part, variables Y, E, K and L are all integrated of order one, and have the co-integration relationship. Thus, we can set the panel VAR model of lag one as: 
where i represents different provinces; t represents year; ν is the vector of provincial effect; θ are the coefficient matrices of variables in lag(1) and lag (2); ∆ is the first-difference operator; and µ is the serially uncorrelated error term.
The analysis of the panel VAR model can be divided into three parts. First, it estimates the panel VAR model by system GMM method to explain the relationship among variables; Second, it estimates the impulse response functions to draw the figures of dynamic shock responses, from which we can observe the dynamic changes of each variable under different shocks; Finally, based on the estimation of impulse response functions, it gives the results of variance decompositions for each variable, to evaluate the contributions of different stochastic shocks on the variables in the panel VAR system. 
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Estimation by System GMM
To estimate the panel VAR model, firstly it is necessary to eliminate the fixed effect in Eq. (29). Making use of the Helmert-process of the program I.love (2006), Model (29) can be transformed through forward meandifferences. Then by system GMM method, we can obtain the valid estimation results of Model (29) shown as Table  6 . It indicates that when variable Y is taken as dependent variable, the energy consumption takes negative and positive effect on real GDP for different lags. Coefficients of two lags are -0.3810 and 0.0239 respectively, which shows shocks of energy consumption firstly decrease real GDP to some degree, but the effect turn to be positive with the time backward. In China, because excessive energy consumption in a short time will crowd out great investment, and bring high pollution that has to be taxed, real GDP will be reduced to some degree. But from the long-run, proper energy consumption can promote economic growth. Moreover, when variable E is dependent variable, variables Y, K, L have positive impact on E in the first lags. Even in the second lags, Y still positively affects E. The coefficients of the two lags are 0.1612 and 0.1029 respectively, which means real GDP can always promote energy consumption in China. 
Impulse Response Functions
In order to assess the two-way effects among real GDP, energy consumption, capital formation and labor force, we compute impulse-response functions of the panel VAR model. The useful tool describes the reaction of one variable to innovations in another variable of the system, while holding all other shocks equal to zero. Figure 2 plots impulse-response functions together with 5 percent errors bands generated through Monte Carlo simulations with 500 repetitions.
From the first row of Figure 2 , it shows the responses of real GDP to a one standard deviation shock in the remaining variables of the panel VAR (rescaled in terms of shocks of one standard deviation). As the figure shows, the shock of energy consumption changes is negative with most of the real GDP response being absorbed during the six years. With the lagged periods extend, the negative effect becomes bigger and bigger. The negative impact of energy consumption on growth indicates that it is impossible to improve economy by only depending on consuming resources. Excessive consumptions of energy can produce great waste and pollution with a short time, which have to afford higher costs. Some sectors can obtain energy easily, whereas other sectors' demand cannot be satisfied due to the uneven distributions in energy. Therefore, the energy shortage may happen in some sectors or regions in the short-run, which is adverse for economic growth. Furthermore, it will also crowd out investment on manufacturing and technology for large energy consumptions, which are considered as the fundamental factors determining the long-run growth of China. What is more, the shocks of capital formation and labor force on real GDP are not obvious in the short-run, but will become weakly negative for more lagged periods. This indicates that government investment of capital and labor in large scale is not actually reasonable, and will be harmful for economic orders from the long-run.
In addition, from the second row of the figure, the responses of energy consumption to a shock of real GDP are always positive during the six years. The responses will become larger and larger with more lagged periods, http://www.cluteinstitute.com/ © 2012 The Clute Institute indicating the significant role of real GDP in promoting energy consumption. The shock of capital formation is also positively connected with energy consumption from the short-run, whereas the effect of labor force is stable from the short-run. We can conclude that in recent years, China's energy consumption is mainly driven by the investment demand instead of the household consumption. 
Variance Decompositions
Based on the impulse response function above, we can evaluate the relative importance of different structural shocks to endogenous variables by measuring the contributions of shocks on the variance changes of variables. Table 7 reports variance decompositions derived from the orthogonalized impulse-response coefficient matrices. The variance decompositions display the proportion of movements in the dependent variables that are due to their own shocks versus shocks to the other variables, which is done by determining how much of an s-step ahead forecast error variance of mean squared error (MSE) for each variable is explained by innovations to each explanatory variable (we report S until 30). We can conclude from Table 7 that a shock in the energy consumption has the biggest impact on real GDP in both short-run and long-run. The relative contributions during three periods are 33.38%, 29.76% and 28.31% respectively, a gradually decreasing trend. Furthermore, a shock in the capital formulation takes the biggest effect on energy consumption during the first two periods. However, real GDP replaces capital formulation and has the strongest impact on energy consumption over the third period.
Impulse-responses for 2 lag VAR of rgdp tec tinst tlabr Errors are 5% on each side generated by Monte-Carlo with 500 reps response of rgdp to rgdp shock 
CONCLUDING REMARKS
This study adopts a panel data set for China's 30 provinces over the period 1995-2010 to investigate the causal and the dynamic relationship between energy consumption and economic growth, including two other factors of production: capital formation and labor force. To overcome the deficiency of the traditional time-series analysis, panel time-serious techniques are employed to derive more reasonable results. Before testing for causal and dynamic relationship among variables using panel method, panel unit root test and panel co-integration test should be performed in sequence. Firstly, the LLC test, Fisher-ADF test, Fisher-PP test, IPS test, and CIPS test all show that the variables are integrated of order one. Next, within dimension and between dimension approaches of Pedroni's heterogeneous panel tests indicate that there is a long-run co-integration relationship among variables real GDP, energy consumption, capital formation and labor force. Secondly, from the results of panel VEC model, the effect from economic growth to energy consumption is unidirectional, and the coefficient is 1.562. Real GDP, energy consumption, capital formation and labor force each respond to short-run deviations from long-run equilibrium with a slow adjustment speed. Furthermore, according to panel Granger causality test, there is bidirectional causality between real GDP and energy consumption, which is consistent with the growth hypothesis in terms of the energy consumption-growth nexus. The unidirectional causality from capital formation to energy consumption reveals that energy consumption cannot affect real GDP through capital formation, which may crowd out investment on manufacturing or other sectors. In addition, by estimating the panel VAR model and impulse response functions, it is indicated that the responses of real GDP to a shock of energy consumption are negative, whereas the shock of real GDP changes is positive with most of the energy consumption response being absorbed during the six years, showing excessive energy consumption of short-run could depress economic growth of long-run. Finally, by variance decompositions, derived from the orthogonalized impulse-response coefficient matrices, a shock in the energy consumption takes the biggest effect on real GDP in both short-run and long-run.
It becomes helpful for policy makers to recognize the new evidence from relationship between energy consumption and economic growth, because they give us many new thoughts into China's energy and growth policies. At least two measures should be implemented to overcome the present difficulties. On one hand, since energy consumption cannot have impact on economic growth through capital formation, policy makers should consider developing new energy and technology, and improving energy efficiency of usage, in order to attract more investment for the sustainable growth. On the other hand, while excessive consumptions of energy may be adverse for economy, it should be taken into account to reduce the unnecessary wastes and environmental costs, associated with dependence on production and consumption of non-renewable resources.
